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Final Cover Cross Sections

(What Do Our Regulations Tell Us and What is Perliaps Ipical?)




=hal " Cover system

(Regulatory — Subtitle D, NC, SC, VA)

COVER SOIL—_
(EROSION LAYER)

GEOMEMBRANE (IMPLIED)

0.5' MIN.*

|
1.5' MIN.

|

SOIL BARRIER
(K=1x10° cm/sec)

SUBTITLE D REQUIRED FINAL COVER SYSTEM

(ADOPTED BY NC, SC, & VA)

*SOUTH CAROLINA REQUIRES 1.0'MIN. COVER SOIL



Cress Section of A Geosynthetic
Fineal Cover Sysiern)

i,

COVER SOIL —_

.--",-'-’ & A
GEOMEMBRANE (IMPLIED) —— ”:/

SOIL BARRIER

(K=1x107 cm/sec)

TENNESSEE REQUIRED FINAL COVER SYSTEM




Cress Section of A Geosynthetic

 Final Cover Systern
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(Rgula_tory) e

- _Stibulated Regulatory Final Cover Systems
Do Not Specifically Include a Drainage
Layer!!]

— A Drainage Layer Is Essential Except for Flatter
Slopes (Say Below 10%)

wesSoailiBarrier Component is,of  Questionable
— Benefit — [Especiallyifke< 10 cm/sec

R ———




VEGETATIVE COVER SOIL
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Failures of Final Cover Systems

(Underscoring the Importance of ProperDesign)
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Lires of Flrel Cover SYysierrls

S ETeatly Exceed the NUmberor Faires orbanamilLiner
Systems
“Ratierof-Failures is Perhaps 40 to 1!

Many of These Failures are Not Publicized Due to Legal
Concerns (= Lack of Lessons Learned)

Failures of Geosynthetic Final Cover Systems Occur
Because of:
1. Excess Water Pressure in the Drainage Layer (Most Typical)

(Flow Into drainage layer exceeds flow capacity of drainage layer
— leading to'excess water pressure which uplifts;the,coversoil)

- 2. VVeneer StapllityA\Weakdlnterface Relativertor Slope Angle)
31 Landfill Gas Uplift

4. Erosion
5. Combination of One or More of the Above (Typically Leads to #1)
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- Deéign of Drainage Layer

= Geotechnical Analyses (Veneer Stablility &
Filter Design)

= |_andfill Gas Design
= Surface Water Design

—




= The Flow Capacity of a Drainage Layer is Defined
. InrTerms of:

— PermeanliyzanedNiicknessyerNaitral Drainage Media

I (Stone or ' Sand*); or
— Transmissivity (€ = k x t) for Drainage Geocomposites

*DON'T USE SAND!!







- _D'O_N’T USE THE HELP MODEL to
Determine Q,,!!!!
— Soong and Koerner (1997) Studied 8 Seepage

Related Slope Failures and Found, Tihat the
HELP Model Under-Predicted Q) By Factors
Ranging From 10 to 100.

- = Assume Infiltration, EqualiteRRermeanility or
~ Cover Soll




Rchqn LI RFdCQn LCOSﬂ Rchqn

required transmissivity of drainage geocomposite
(m3/m/sec)

= drainagergeocomposite redugction; factor
fluid Inputyate/impingementates(m/s)

fow length/drain spacing (horizentally:projected) (m)
slope angle of final cover (degrees)

——




= Reduction Facter (RE,.) /Accounts for:
— |ntrusion
— Creep
— Clogging
— Overall Factor of Safety

= Richardson, Giroud, and Zhao Recommend RE,. = 6




- D’eéign for Maximum Drainagé L;ngth of
120 tor 150 feet (Need to Add Drainage
Breaks)

= Transmissivity of Drainage Geocomposite

should typically be on the order of'dx 102
m3/m/sec

— Geonet Component of Drainage
— Geocomposites Will TypiczlaR!jLBe At Least 0.25
€q

.~ Inches JihicksterVieet This tirement

" =Note That the Transmissivity of'1 foot of 1 x 102
cm/sec Sand is Only 3 x 10> m3/m/sec!!!




= Cover Soils More Permeable Than 1 x 10
cm/sec Can Be Problematic

— The Addition of Several Inches of Compost on
Top of Cover Soils Can Greatly Reduce

Infiltration and Allow Desired Drainage LLengths

= Assuming Cover Solls are Less Permeable
s Than 1 x 10> cm/sec May.Be Unrealistic
_and | eadtiorAmUnderBesigned Drainage
'Layer

—




= Always Require Confermance Tests!!!

= Manufacturer’s Data Is Typically for Short Duration
Between Steel Plates

= When Specifying Transmissivity Include:
— Normal Load (Suggest 500 to 1,000 psf)

— Hydraulic Gradient (Use Maximum;: Slepe:— 0.25 or 0.33)

— Minimum Seating Time of 24 Hours (Suggest 1 Test
Run to 100 Hours to Observe Effect of Creep from 24 to
- 100 Hours)

m—
i

= BoundansCendinens Burngiesting Must

WAppProximate Actual Conditions (Suggest Using a
Sand Against Upper Surface of Geocomposite to
Account for Intrusion)




= \/eneer Stability — Determining the Minimum
Shear Strength Requirements to Meet:
— FS (Static) > 1.5
— FS (Seismic) > 1.0

= Lilter Design — Evaluating Proposed Cover
o Soilsiand the,Performanceefithe Upper s
S Geoetextilerof'the Drainage Geocomposite as
a Filter
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7-= shear strength (psf)
o = normal weight (psf)

* @i=interface friction,angle (degrees)
= Cohesion/adhesion (psf)




FS = factor of safety against veneer failure surface

c = cohesion/adhesion along weakest (critical) interface
7. = unit weight of cover soll

2y, = depth of cover soll
.~ =t slope angle of final.cover (degrees)

Z=nterface fhictionangle along criticallinterface

R —

7w — unit weight of water

d, = depth to water
< — Sseismic coefficient (= O for static) (= peak grnd. acceleration for seismic)




RICHARDSON SMITH GARDNER & ASSOCIATES

Engineering and Geological Services
14 M. Boylan Avenus Tel: 818-828-
Raleigh, NC 27803 Fan 918-328-

ABC Landfill - Phase 1
Final Cover Veneer Stability Eval

SHEET:

JOB # ABC-1
0577 DATE: 82307
3800 BY: PKS
CHED BY:

uation

nput Parameters:
Side Slope Angle (51

Final Cover: Thickness (2.1

Linit Weight (¥_ )
Cohesion (c )
Depth to Seepage (d, 1

Seismic Coefficient (k, )

Required Factors of Safety:

14.0 degrees (4H:1V Slopes)
2 fit
110 pef
0 psf
1.5t (= z if Slope iz Dry)

0 Static Conditions
0.10 Seizsmic Conditicns (= Peak Ground Acceleration For The Site)

Static:
Dynamic:
Static Conditions:
Interface
Friction Angle {d) Resisting Drriving
(degrees) Force Force FS Comment
22 0.35 025 1.39 NO GOOD
23 0.38 025 1.46 NO GOOD
24 0.33 025 1.53 0K
25 0.40 025 1.61 OK
26 0.42 0.25 1.68 oK
27 0.44 025 1.73 0K
Seismic Conditions:
Interface
Friction Angle () Resisting Driving
(degrees) Force Force FS Comment
22 0.34 035 0.96 NO GOOD
23 0.35 035 1.01 oK
24 0.37 0.35 1.06 oK
25 0.39 035 1.11 OK
25 041 035 1.16 oK
27 0.42 0.35 1.22 oK
Minimum Interface Shear Strength Requirements:
Cohesion (¢} (From Above) = 0 psf
Interface Friction Angle (H) = 24 degrees (Usze Min. Value From Above or Greater)
Mormal Load Interface
psf) Shear Sirength (psf)

250

111




4 RICHARDSON SMITH CARDNER & ASSOCIATES

Engineering and Geological Services
14 M. Boylan Avenus
Raleigh. NC 27803

ABC Landfill - Phase 1

Tel: ©12-228-0577
Fax: 9189-828-

3890

CHED BY:

ABCA
&2a107
PKS

Final Cover Veneer Stability Evaluation
Input Parameters:
Side Slope Angle (§): 18.4 degrees (3H:1Y Slopes)
Final Caover: Thickness (2. ): 21t
Unit Weight (#, ) 110 pef
Cohesion {¢): 0 psf
Depth to Seepage (d, ) 1.5t (=zif Slope i Diry)

Seismic Coefficient (k. ):

Required Factors of Safety:

0 Statie Conditions
0.10 Seismic Conditions (= Peak Ground Acceleration For The Site)

Static: 1.3
Dynamic: 1.0
Static Conditions:
Interface
Friction Angle {#) Resisting Diriving
(degrees) Force Force F5 Comment
26 042 033 1.26 NO GOOD
27 0.44 033 1.31 NO GOOD
28 0.46 033 1.37 NO GOOD
29 0438 033 143 NO GOOD
30 0.50 033 149 NO GOOD
khl 0.52 033 1.55 0K
Seismic Conditions:
Interface
Friction Angle {#) Resisting Driving
(degrees) Force Force FS Comment
26 0.40 043 0.93 NO GOOD
27 042 043 0.97 NO GOOD
28 044 043 1.01 OK
29 0.48 042 1.08 QK
30 0438 042 1.10 QK
kil 0.50 043 1.15 OK
Minimum Interface Shear Strength Requirements:
Cohesion (¢} (From &bove) = 0 psf
Interface Friction Angle (§) = 31 degrees (Use Min. Value From Abowve or Greater)
Mormal Load Interface
{psf) Shear Strength {pef)
250 150
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= The Addition of Layers in the Final Cover System
Cross Section Increases Likelihood of VVeneer
Stablility Issues.

= Only Need to Specify Minimum Requirements for

Peak Shear Strength
— Don’t Specify Different Values for Each Interface!!

=R Order to Maximize the Shear StrengthrAgainst.
 the Geomembrane= Recommend Coextruded

“Trextured GM Because of Inherent Adhesion
(Velcro® - Effect)




rlliter Desigr
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= The Upper Geotextile of the Drainage
Geocomposite Must Perform as a Filter

= |n Filtration Design, Solls are Either “Stable”
or “Un-Stable”

— Stable Solls Perform an Internal Filtration
Process Limiting the Migration' ofi Fines

e Un-Stable Solls Cannot Perferm; Self-Eiltrations..

: = Un-Staplersorsinciude Géﬁ-Graded,
Broad-Graded, and Highly Erodible Solls




1HOIEM A8 J3ANIVLIFY LN3Od3d

S0

(@} O (@) (@] O (@) (@ (@] O
— N M < 0 © ~ oo}

GRAIN SIZE (MILLIMETERS)

\
BROAD—GRADED

05 —

(@]
GAFP—CRADED

60
10

O o Q © (@] (@]
00 ™~ X9} ~ N N

100
90

LHOIEM ONISSVd LN30d3d



e Enal Cevers SellfRetention s Key.

= Several Methods Can be Used to Evaluate the Required

AOS of the Filter Geotextile Based on Soil Properties

uettich Method

Chart 1. Soil Retention Criteria of Steady-State Flow Conditions

a 3

n
(from Mirafi) o
n
MORE THAN DHR <05)
20% CLav USE 3TO 6 INCHES OF VERY FINE SAND BETWEEN
\ DISPERSIVE SOL SOIL AND GEOTEXTILE, THEN DESIGN THE GEOTEX-
(OHR>05) TILE AS A FILTER FOR THE SAND

MORE THAN 10% SILT

LESS THAN 20% CLAY, and

PLASTIC SOIL

PI>5

(dpg > 0.002mm and

NON-PLASTIC SOIL

d'so is the midpoint of this line

Qgs = geotexlile opening size

dyg < 0.07mm) PI<5
FROM SOIL > . M LOOSE Oue
PROPERTIES TESTS = ‘ lp 5 35%) 95 < T 050
STABLE dso ,
APPLICATION Soit USE Ey > O WIDELY S O oa
< =
BLLL (1sCc<3) GRADED (35% < Ip < 65%) Os5< T %0
Cy>3
UNSTABLE %o : S DENSE LEI
LESS THAN USE > C fo) —d
1% RSE"'TTﬂf\'Rnd SOoIL T u lp 2 65%) s < - d'so
10% SAND  } S
e <) LOOSE N
{d19 > 0.07mm | USE Iy 5 35%) 95 < C'ud’sg
dhg < 4.8mm) APPLICATION TANGENT AT
FAVORS sy 3-C’ MEDIUM
PERMEABILITY e o
MORE THAN UNFORMLY /' last% <lp<65%) O0s<15Cu 05
90% GRAVEL Cy<3
DENSE
NOTES: i (dso? {Ip 2 65%) Ogs < 2Cyd'sg
: o e
¢ deo X dig
d, = particle diameter of which size x percent is smaller
lo = relative density of the soil
where:  d'\ and d', are the extremeties of a straight line drawn Pl = plasticity index of the soil
Cy = through the particle-size distribution, as directed above and DHR = double-hydrometer ratio of the soil




= [andfill Gas Must be either Actively
Collected or Passively Vented to Minimize
Uplift Potential on Geomembrane

= |[f an Active Collection System Is In-Place
Consider Back-Up Passive Measures If
wsystemrGoes Down

m—
i

. — May HavenereonvincerAlir@uality Regulators

R —




= Revisiting the Veneer Stability Equation:

—

- — U= Equivalent Pressure Acting epiBoeiien off GV

sIDESIGRING Tor Viore Than a Pressure of 6-inches Water
Column (31 psf) Can Be Problematic — Leading to Interface
Shear Strength Requirements That May Exceed
Achievable Values




GROTH MODEL 1260 RELIEF VENT OR EQUAL
(6" WATER COLUNN RELIEF)

TO LFG SYSTEM OR
LFG UTILITY FLARE

2
" &'s HOPE PPE

1/4 THICK HOPE DONUT
(EXTENDS 12" RADIUS FROM PIPE)

DOUBLE-SIDED DRAINAGE GEOCOMPOSITE
(PLACE ONE ROLL WDTH AT LOCATIONS SHOWN ON DRAWINGS)

30 MIL LLDPE (TEXTURED)

GEOMEMBRANE
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- DON T ASSUME SHEET FLOW Over Cong
Distances!!! (say > 200 feet)

= The Key Component of Surface Water Design IS
Limiting the Slope Length by Adding Drainage
Breaks

— Fortunately, Drainage Breaks for Surface \Water
Can/Should Be Aligned With Drainage Breaks for the
Drainage Layer

Lo Drainage Breaks Can Be Accomplished with:

i

— Diversion Bermsj -
— “Rain Gutters”
— Tack-On Berms

— Benches (At Expense of Airspace — But Sometimes
Necessary)




EAR EJ'IITR—\\

FHAL COMER STSTEM—._

' OPE (ITPE S) PPE AT 72 MN.
CRADE {FLACE EVERT 207 ON-CENTER)

-
' 0L [TVPE 57) PPE DABIDOI—"
M 0. 57 STONE

CUT CXISING TYPE 6T-C SLOTCXILE:
AHD EXTRUSICH WELD TO EXISTING GO
WL TEXTURED HOFE CEOMEMBRANE

FINAL COVER CROSS SECTION




TENPCRARY SEPARATOR: GECTEXTILE
PLACED TO PROTECT STONE FROM -
SHORT-TERM SILTATION K‘

CEOMEMBRANE FLACED £S5 ———. (SEE NOTE 3)

SEFARATOR EETHWEEN GRAVEL RAIN B
GUTTER AMD MEGETATVE SOIL LAYER
ON THE DOWNHILL SLOPE (SEC NOTE 2).

FINAL COWEH SYSTEM

{SIZE VARIES-SEE DRAWING FC1 FOR PIPING SCHEDULE)

\ - : =t =3"STONE
4 {MAx) o ' 7
- = e ” HOPE (DR 26) FIPE {PERFORATED)}
( L B i -
e 5
\

e

MOTES:

I GRAVEL RAIN GUTTERS DISCHARGE INTO THE DOWN PIPES
SEE DETAL.

2. SECURE SEPARATOR CEOMEMBRAME TO THE 30 ML
TEXTURED  LLOPE GEOMEMBRANE BY EXTRUSION WELD, OR
WTH TAPECOAT 9-25 (2, OR EQUAL.

3 407/ SY NON-WOVEN GEOTEXTILE SHALL BE USED.

RAIN GUTTER




8" CFE {TYPE C) PIPE AT 1% NN,
GRADE (FLACE EVERY 200" ON-CENTER)

il T
STRUCTURM T) 11/2

I’1 ‘”__.

TAPE (7-5 CEOTEXTILE
{WRAP AROUND STONE)

670 CPE (TYPE GP) PIPE EMBIDDED
IN HCDAOT WD, 57 STONE

TACK ON BERM
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= \Why Alternatives? -- Because There’s a Lot That
Can Go Wrong with Geosynthetic Final Covers!!!
(Not Just Design But Maintenance Too!!!)

= Future (Limited Current Use) Alternatives Include:

— Advanced Geosynthetics
— Exposed Geomembrane Covers
= Re-Evaluating Seil and Phyte Ceyvers

. . — Other OptionsifoerDrier Climates (Example - Capillary
e Barrier)




Agvanceqg Geosvnthetics

—

sm— —

Combined geomembrane and geocomposite

High Flow Capacity Drain On Top
Textured Bottom Surface
Limits Number of Interfaces if Geotextile is Bonded to Surface

Still Too Many Limitations (Panel Size, Etc.)




= |Long-Term Interim Approach (Final?2?)

Mayihe BestiSuited for Bioreactors/Recirculation Landfills
Where Settlement May be Significants

= Design Issues;

ST Wind & LFG Uplift

— Stormwater Runoff (Runoff Coefficient Near 1)

— UV Exposure

— Maintenance

T




= Are We Really: Concermed With Infiltration When We Have
lLeachate Collection???

— Bioreactors/Leachate Recirculation
= Can a Soil Cover Control LFG??7?

— Maybe for Typical Faclilities But What About Bioreactors/Leachate
Recirculation

= Effectiveness of Trees (Phyto)???
— Thickness and Soil Type/Amendment

SIMPLIFIED
EVAPO-TRAMSPIRATIC
PRECHATARON = ALMNOFF +

SEE RO FOLLCWED B
EVAPD - TRNEPATON
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Pieter K. Scheer, P.E.
Richardson Smith Gardner & Associates, Inc.
14 N. Boylan Avenue
Raleigh, NC 27603

(919) 828-0577
WWW.rsgengineers.com
pieter@rsgengineers.com
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